ABSTRACT The paper "The effect of sulfamethazine feeding on the thyroids, combs and testes of Single Comb White Leghorn cockerels" was published early in the career of Ari van Tienhoven when he was an assistant professor. The current manuscript pays tribute to that study submitted to the journal, Poultry Science, over 5 decades ago. In addition, the review examines the academic lineage of van Tienhoven to show that his line of descent produced several scientists who have contributed significantly to the success of the Poultry Science Association in the discipline of neuroendocrinology and avian physiology during most of its first 100 yr. In a quiet, unassuming manner, van Tienhoven has had a major effect on basic research addressing reproductive endocrinology in vertebrates, particularly in the domestic fowl, Gallus gallus. Biographical information, his academic pedigree, students produced, research areas pursued, and the landmark contribution selected for review are highlighted. A link to an electronic archive of a recorded interview with van Tienhoven in preparation for the symposium can be accessed using the link given in the first footnote.
INTRODUCTION
The purpose of the paper is to recognize Ari van Tienhoven, who has made lasting contributions to poultry science over a 40-yr period. The manuscript is divided into 5 sections including biographical information, his academic pedigree, students produced, research areas pursued, and a landmark contribution that he published in the journal, Poultry Science. Accompanying this paper is a link containing an interview recorded during a teleconference between Cornell University and the University of Arkansas that includes his dedication of the selected publication to his wife Ans (maiden name: van Haselen) van Tienhoven, who passed away November 15, 2005. The interview gives his response to several questions posed to him regarding his personal and professional life.
BIOGRAPHICAL INFORMATION
Ari van Tienhoven was born in The Hague, the Netherlands, on April 22, 1922 . During the Second World War, he was sheltered by a farmer and his wife who lived in Friesland, a province of the Netherlands. He was indebted to them because they placed their lives at risk if his whereabouts were made known to authorities during that period. He has kept in contact with 4 generations of that family since the early 1940s to the present time. Friesland is the area where the renowned Friesian horses and cattle were bred over the ages. van Tienhoven obtained an equivalent of a BS degree in animal breeding and feeds and feeding from Wageningen University, Wageningen, the Netherlands, in 1949. He then traveled to the United States and in September 1949 became a graduate student of George W. Salisbury 
ACADEMIC PEDIGREE
As scientists, we usually pay particular attention to the pedigree of the birds or animals we use in our experiments; however, rarely do we reflect about the pedigree of mentors selected to guide us through important steps in our professional careers. Upon examining the lineage of "Dr. van," as many fondly referred to him in his laboratory, I found that it comprised individuals who contributed to the PSA and animal agriculture nearly over its entire 100-yr history. Figure 1 shows his academic father (P) and grandfather (GP). Not included in the figure is an individual, Leon J. Cole (1877 Cole ( to 1948 Lester E. Casida matched the large number of graduate students trained by Cole with a lifetime number of 62 students completing their PhD degrees. Casida pioneered studies leading to the control of the estrous cycle, ovulation, and oocyte maturation and conducted the first embryo transfer that resulted in the birth of a calf. His work laid the foundation for in vitro embryo production, cloning, and transgenic production of animals that has been realized during the past 2 to 3 decades. He received the Society for the Study of Reproduction highest award, the Carl G. Hartman Award, Figure 1 . The academic pedigree of Ari van Tienhoven. GP = grandparent; P = parent; F 1 = first filial generation.
given in recognition of a research career and scholarly activities in the field of reproductive biology. One of the doctoral students produced by Casida was Andrew V. Nalbandov (Figure 1, P) .
Nalbandov was born on July 4, 1912 in Russia to parents who were well educated. During the Bolshevist revolution, the family had to flee for their lives and eventually settled in Munich, Germany. Nalbandov earned an equivalent of a BS degree from the Technical University in Munich in 1932. With little opportunity during the depression in Europe, he traveled to the United States and earned an MS degree from Oklahoma State University, Stillwater (1937) , and obtained a PhD (1940) in animal genetics from the University of Wisconsin working in the laboratory of Lester Casida. He then accepted a position as an instructor in genetics at the University of Illinois. Similar to Cole and Casida, a very dynamic and successful graduate program was developed in which he trained 63 graduate students, most of whom earned doctoral degrees in animal reproductive physiology and endocrinology. One of his doctoral students was van Tienhoven, who spent his entire academic career in poultry science departments ( Figure  1 , F 1 ). Table 1 shows the students of Nalbandov who taught or were involved in research in avian physiologyendocrinology, or both, and Table 2 shows the students of Nalbandov who pursued research or teaching in reproductive endocrinology in animal science, biological sciences, or health sciences. The names found in Tables  1 and 2 were obtained from a silver plate engraved with their signatures presented to Nalbandov by van Tienhoven on the occasion of his 60th birthday during a Society for the Study of Reproduction meeting held at Michigan State University, East Lansing.
STUDENTS PRODUCED
Similar to his mentor, van Tienhoven developed a successful program in reproductive physiology throughout his career. Table 3 shows the students who continued to contribute to avian physiology and reproductive endocrinology. In addition, van Tienhoven had several students who pursued careers in the medical or dental profession or other scientific areas (Table 3) . His laboratory was also a site for postdoctoral training of individuals interested in neuroendocrinology or behavior. A diverse, international group of post-docs spent meaningful time in his laboratory (Table 4) .
RESEARCH AREAS PURSUED AND SCIENTIFIC CONTRIBUTIONS
When one examines his list of publications, van Tienhoven's contributions can generally be grouped into 5 major areas: ovulatory cycle of the hen, the avian nervous system, thermoregulation, thyroid effect on reproduction, and animal welfare.
The Ovulatory Cycle
The line of chickens that van Tienhoven examined had a relatively consistent clutch of eggs produced (4 to , 1954; van Tienhoven, 1955; Kappauf and van Tienhoven, 1972; Laguë et al., 1975; van Tienhoven, 1980a,b, 1981b; Johnson et al., 1985) , corticosterone (van Tienhoven, 1961a; Johnson and van Tienhoven, 1981a) , gonadotropin-releasing hormone-1 (van Tienhoven and Schally, 1972; Johnson and van Tienhoven, 1981c; Johnson et al., 1984) , dopamine (Johnson et al., 1981) , estradiol-17β (Johnson and van Tienhoven, 1981d) , crepuscular luteinizing hormone peak (Johnson and van Tienhoven, 1984a) , aminoglutethimide (Johnson and van Tienhoven, 1984b) , pinealectomy (Johnson and van Tienhoven, 1984c) , and endocrine disturbances that disrupt the ovulatory cycle (Phillips and van Tienhoven, 1960; van Tienhoven and Cole, 1962; .
Avian Nervous System
Another key area of research was the nervous system of the domestic fowl, particularly the hypothalamus. van Tienhoven was the first to produce a stereotaxic atlas of the brain of a bird. The brain atlas was of a mature Leghorn hen and focused upon the forebrain and midbrain (van Tienhoven and Juhász, 1962) . He maintained an interest in environmental factors affecting avian reproduction, particularly light (van Tienhoven, 1961b; van Tienhoven and Planck, 1972; van Tienhoven et al., 1984) , environmental stressors affecting neuroendocrine function (van Tienhoven, 1969) , and the effect of ketamine on the electroencephalography of hens (Salerno and van Tienhoven, 1976) . Additional hypothalamic nuclei and circumventricular organs were later identified in the chicken (Kuenzel and van Tienhoven, 1982) .
Thermoregulation
van Tienhoven developed a very successful collaboration with Norm Scott, Department of Biological Engineering, Cornell University. Together they investigated the effects of centrally administered biogenic amines on body temperature regulation and energy balance (Scott and van Tienhoven, 1974; Hillman et al., 1977; Hillman et al., 1980; Rowe-Murphy et al., 1980) . They also investigated the role of feathers (Horowitz et al., 1978) and arteriovenous structure of the avian foot (Hillman et al., 1982) on thermoregulation. A review article was written on the hypothalamic control of thermoregulation (van Tienhoven et al., 1979) .
Thyroid Effect on Reproduction
The role of the thyroid gland on reproductive function was examined, particularly in males (van Tienhoven et al., 1956; van Tienhoven et al., 1965; , and thyroidectomy was shown to prevent photorefractoriness in male starlings (Wieselthier and van Tienhoven, 1972) .
Animal Welfare
van Tienhoven also collaborated with Dan Cunningham, University of Georgia, Athens, in research addressing animal welfare and examined layer management in cages and floor pens (Cunningham and van Tienhoven, 1984; Mench et al., 1986b; Cunningham et al., 1988) as well as the effect of central administration of secondary messengers on behavior of the fowl (Mench et al., 1986a) . Table 3 . Doctoral and master of science students of Ari van Tienhoven (F 2 offspring of Nalbandov) divided into those who remained in research or teaching in avian physiology-reproductive endocrinology and those who pursued medical or other careers
THE LANDMARK CONTRIBUTION
The paper nominated as a landmark contribution published during the first 100 yr in the PSA is that of van Tienhoven et al. (1956) . It was a contribution to the research area of physiology, endocrinology, and reproduction and involved a drug, sulfamethazine (SMZ), used to control and treat coccidiosis (Grumbles and Delaplane, 1948) and fowl cholera (Kiser et al., 1948) . The reason for the nomination is not the number of citations it has received. In fact, it is an example of a gem lost in the literature. It has been rarely cited. Its value is that a drug was introduced to treat diseases of poultry; however, through use it was shown to have a side effect in stimulating comb and testes growth in Leghorn chicks (Asplin and Boyland, 1947; Turner and Kumaran, 1949) . The paper is an elegant one due to the straightforward method described for advancing testes development in Leghorn chicks. In addition, it shows the authors' attempts to determine the mechanism of action of that drug for enhancing gonadal development.
The major results found in Tables 1 and 3 of the original paper (van Tienhoven et al., 1956 ) are shown as graphs (Figures 2 and 3) . Experiment 1 consisted of 3 treatments groups fed either a control diet or a control diet supplemented with 0.1 or 0.2% SMZ beginning at 6 wk of age. Results show that testes weight significantly increased due to intake of SMZ (Figure 2A ). Several tissues and endocrine organs were sampled, weighed, and prepared for histological analysis and extracts were prepared from sampled pituitary glands. Of tissues examined, thyroid organs showed an increase in size, particularly after the first 4 wk of intake of SMZ when compared with controls ( Figure 2B ). The experiment was repeated and both testes weight and thyroid weight were increased in birds fed the control diet plus 0.2% SMZ (Figure 2C and D) . In addition, a follow-up experimental subgroup of birds sampled from experiment 2 examined the uptake of radioactive iodine in the thyroid as an indicator of the activity of the thyroid gland (Figure 3 ). Data were expressed as uptake (counts) of radioactive iodine per milligram of thyroid and as per 100 g of BW × 100 (van Tienhoven et al., 1956 ). The authors suggested from the increased thyroid weight ( Figure 2B and D) and greater I 131 uptake per 100 g of BW (Figure 3 ) that the data indicated hyperthyroidism.
Another experiment in which pituitary extracts obtained from experiment 1 were injected into chicks as a bioassay for gonadotropin secretion (van Tienhoven et al., 1956 ) did not show any significant differences among treatment groups, suggesting that SMZ treatment did not cause increased production of gonadotropins. Table 1 (experiment 1) and Table 3 (experiment 2) of van Tienhoven et al. (1956) after initiation of dietary treatments beginning at 6 wk of age. CON = cockerels fed a standard diet; 0.1% SMZ = a standard diet supplemented with 0.1% sulfamethazine; 0.2% SMZ = a standard diet supplemented with 0.2% sulfamethazine. Expt. = experiment.
Significance of the van Tienhoven et al. (1956) Manuscript
There are several reasons why the paper is a landmark contribution. Importantly, dose-response experiments were designed showing that a level of 0.2% SMZ added to a standard ration of a Leghorn chick resulted in advanced development of the testes. Of all tissues and organs sampled for analysis, the thyroid gland was shown to be affected by SMZ treatment. Data suggested that a condition of hyperthyroidism resulted from SMZ intake; however, in the summary statement of the paper, the authors stated that "SMZ effect on the testes involves the thyroid." In other words, caution was exercised by the authors, not specifically stating hyper-nor hypothyroid function occurred, which was an excellent decision when data were not sufficient for a clear conclusion. At the time of the study, radioimmunoassays were not available for avian luteinizing hormone, follicle-stimulating hormone, or thyroid hormones. Nonetheless, biological and indirect assays were attempted to obtain data on a possible role of SMZ affecting endocrine organs. Finally, attention was directed to appropriate statistical analysis for final interpretation of data collected.
The paper was particularly beneficial for my laboratory because we had developed 2 procedures that advanced gonadal development in broiler chicks, parasagittal knife cuts (Mass and Kuenzel, 1983) and chronic intracranial injections of neuropeptide Y (Fraley and Kuenzel, 1993) . Both techniques were labor-intensive and percentage success rate was low. If we were to make any advances in determining possible neural pathways involved with the regulation of gonadal development in chicks, it was critical to find a more reliable means for advancing sexual maturation. The SMZ technique was the answer because it consistently advanced sexual development in male broiler chicks ; effected a transient, peripheral hypothyroid effect ); yet centrally stimulated deiodinase 2 mRNA transcripts (Li and Kuenzel, 2008) . It also appears to have other central effects , amplifies the stimulatory effects of long-day photoperiods on gonadal development , focuses attention on a group of cerebrospinal fluid-contacting neurons located in the lateral septal organ of the forebrain proposed to function as encephalic photoreceptors (EPR; Kuenzel, 1993; Li et al., 2004; Rathinam and Kuenzel, 2005) , and perhaps operates via the classical photoneuroendocrine system responsible for activating seasonal development of the gonads in avian species Kuenzel and Golden, 2006; Li and Kuenzel, 2008) . Nonetheless, controversy continues and another population of neurons located in the mediobasal hypothalamus may truly serve as the primary set of EPR Yasuo et al., 2003 Yasuo et al., , 2004 Kang et al., 2007; Thayananuphat et al., 2007a,b) . Future experiments will ultimately show the true set of EPR responsible for responding to changes in photoperiods and hopefully will determine the mechanism of action, at the molecular level, of this remarkable compound (SMZ) responsible for advancing testes development in chicks.
It has been over 50 yr since van Tienhoven published that landmark paper. I owe a great deal to him for introducing me to poultry, a career in poultry science, and eventually finding that "pearl" in the literature. Similarly, he has affected the lives of many other students and post-docs who he has mentored over the years. He has been a pillar regarding advancing the field of reproductive endocrinology during his distinguished career.
CONCLUSIONS
The 100-yr celebration of the PSA (1908 to 2008) and the symposium to recognize past outstanding papers published in the journal Poultry Science has helped to clarify the importance of looking back on past accomplishments of PSA. An unexpected finding was that the academic pedigree of van Tienhoven basically could be traced back to the beginning of the organization. Leon J. Cole, Lester E. Casida, and Andrew V. Nalbandov greatly affected PSA as well as the American Society of Animal Science because all of them trained very large numbers of doctoral students, some of whom obtained positions in poultry and animal science departments throughout much of the history of PSA and American Society of Animal Science. There was a similar history and mutual respect between van Tienhoven and his mentor, Nalbandov. Both left their home countries either during or after wartime. Each came to the United States to obtain advanced degrees in reproductive en- Table 3 (experiment 2) of van Tienhoven et al. (1956) after initiation of dietary treatments beginning at 6 wk of age. CON = cockerels fed a standard diet; 0.1% SMZ = a standard diet supplemented with 0.1% sulfamethazine; 0.2% SMZ = a standard diet supplemented with 0.2% sulfamethazine. Expt. = experiment.
docrinology. Both scientists emphasized the importance of basic research, had a hands-off approach regarding directing graduate research, participated in basic and applied research endeavors, and produced students who continued a research career utilizing the fowl as his or her experimental organism.
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